1 0 2 case of information transfer across generations is reported for greater sac-winged bats. Here, used as a signal of foraging success (Gillam 2007; Dechmann et al. 2009; Cvikel et al. 2015) . the roost has been demonstrated in foraging juveniles, so far. Spatial association among home 1 1 3 ranges of mothers and offspring in at least three species and simultaneous feeding of mother-1 1 4 pup pairs in vampire bats suggest that vertical information transfer, possibly in form of 1 1 5 following behaviour, might provide juveniles with insights on where to forage, but this 1 1 6
mechanism has yet has to be demonstrated (Wilkinson 1995; Schnitzler, Moss & Denzinger Similarly little is known on how juveniles learn about the location of suitable roosts and the 1 1 9 few existing studies only involved adults. In Common noctule bats local enhancement by 1 3 8 rare and the loggers used in the aforementioned studies are by far too heavy for tagging 1 3 9 medium-sized bats. Smaller tag versions of acceptable weight, however, show dramatically 1 4 0 reduced runtimes of less than 24 h (Levin et al. 2015) . In the present study we used the newly 1 4 1 developed miniaturized proximity sensor system 'BATS', a fully automated system for 1 4 2 documenting associations among individuals at a tag weight of one to two gram and runtimes 1 4 3 of at least one to two weeks (Duda, Weigel & Koelpin 2018) . Our developments enable us to 1 4 4 study interactions among tagged bats both while roosting and while on the wing. Here we 1 4 5 report on the first extensive study to apply our system and proximity sensors to free-ranging 1 4 6 bats, in general. The goal of this study was to investigate the use of social information in acquiring access to 1 4 8 two types of resources, which are crucial in the life of a juvenile bat: suitable roosting sites 1 4 9 and fruitful feeding grounds. We hypothesized that fledging offspring will make use of social 1 5 0 information by following either the mother or other informed members of the social groups to 1 5 1 unknown roosts or foraging sites. If juveniles use social information when switching roosts, 1 5 2 we expect that the successfully switching juvenile will be associated with at least one 1 5 3 individual of the group shortly before and shortly after leaving the current roost and shortly in captive studies as well as a certain degree of maternal care such as allogrooming of The ideal opportunity to observe information transfer in maternity colonies should be the 1 7 4 moment when the offspring start to fledge in order to track their behaviour during the first 1 7 5 nights of independent flight. Therefore, we daily monitored the bat boxes, including checks 1 7 6 after sunset when adults and already flying juvenile had emerged from the roost. We aimed at tagging the majority of a social group including juveniles, which have started fledging only 1 7 8 recently or which not fledged at all, yet. We therefore prepared to capture on the following 1 7 9 day when around a third of the offspring were still inside the roost while the rest of colony 1 8 0 (including already fledged youngsters) was foraging. In 2016 we captured a social group from a single bat box while in 2017 bats were caught from 1 8 4 two different bat boxes which were roughly 300m apart. Bats were kept in cotton cloth bags 1 8 5 until they were weighted, sexed and the forearm was measured using a calliper. If the 1 8 6 epiphyseal gaps were closed and the phalangeal-metacarpal joints were knobby, individuals We used the DNA Analyser 4300 and the SAGA GT allele scoring software (both: LI-COR 1 9 2 Biosciences, Lincoln, NE, USA) to genotype a total of 75 individuals (n = 33 adult 1 9 3 females, n = 42 juveniles) at 9 polymorphic microsatellite loci. We used the loci P11, P217, To calculate allele frequencies all adult individuals from both years (n=33) were used. All 2 0 0 individuals were genotyped at least at eight loci, and genotypes were 99.7% complete. See tests, null allele frequencies, and non-exclusion probabilities for the nine microsatellite that were already caught in 2016 as juvenile (n=1) and adults (n=3). Simulations were run with 100 000 cycles, a proportion of 80% sampled candidate mothers, 2 1 1 an estimated genotyping error of 2%, and for two confidence levels (80% and 95%). One 2 1 2 mismatch per mother-offspring dyad was accepted to account for genotyping errors or juveniles. Thirty-three mother-pup pairs were assigned at 95 % confidence with no mismatch, 2 1 5 six at 95 % confidence with one mismatch and only one with 80 % confidence and one 2 1 6 mismatch. Our team developed a tracking system for direct encounter detection, which bases on wireless 2 2 0 sensor network technology for field strength related distance estimation between individuals.
1
The system is fully automated including remote data download and does not require 2 2 2 recapturing tagged animals thus reducing disturbance of the animals to a minimum. The 2 2 3 centrepiece of the tracking hardware is the animal-borne mobile node, in the following 2 2 4 referred to as 'proximity sensor'. Once deployed, a wake-up receiver on the proximity sensor 2 2 5 permanently scans its surroundings for signals of other proximity sensors, which are 2 2 6 constantly broadcasted every two seconds. This operation mode is independent of any further signal has been received by the respective meeting partner for five sending intervals 2 3 0 1 0 (corresponding to 10 seconds), the meeting is closed and stored to on-board memory along 2 3 1 with the ID of the meeting partner, a timestamp, total meeting duration, and a maximum 2 3 2 signal strength indicator (RSSI) of the meeting. The signal, which is broadcasted every 2 s, is 2 3 3 simultaneously used as an indicator of presence at a site of interest, e.g. a roost, when the 2 3 4 signal is received by a stationary node, in the following referred to as 'base stations'. We inside a particular bat box or tree hole and we therefore termed a bat signal which are picked was equipped with a 15 mAh battery and was housed in the fingertip of a nitrile lab glove. 1 3 (Fig. 2c ). However, we cannot determine the time of arrival respectively departure at the 3 0 9 unmonitored roost because bats may leave jointly. If juveniles use social information when 3 1 0 switching roosts, we expect that the switching juvenile will be associated with at least one 3 1 1 individual of the group shortly before and shortly after leaving the current roost or arriving at 3 1 2 the new roost. To this end we define the moment of departing from or arriving at a monitored 3 1 3 roost, respectively, when the steady reception of signal beacons at a base station gets cut off 3 1 4 or starts. We subsequently queried the meeting database for meetings which are active or 3 1 5 which started within 60s before and within 60s after the moment of leaving or arriving at a 3 1 6 roost. We defined a foraging bout as an event where an individual starts from a known roost, returns 3 2 0 to the same roost and does not visit other monitored roosts or roosts with tagged bats 3 2 1 (indicated by stable, lasting meetings) in between ( Fig. 2a ). We chose these strict rules to 3 2 2 ensure that the events we are looking at relate to foraging and do not overlap with roost 3 2 3 switching events. If social information would play a role in locating foraging grounds we 3 2 4 would expect a juvenile to associate with at least one roosting partner upon starting the bout, but not necessarily when returning to the roost. As described above we equally defined the 3 2 7 start and the end of the foraging bout as the end and the start of the steady reception of the 3 2 8 presence signal, respectively. We then queried all meetings which were ongoing or started 1 5
To evaluate information transfer on roosts we screened the data set for joint departures from 3 5 9
and joint arrivals at roosts for all tagged juveniles. In 2016 we observed ten events of seven 3 6 0 individual juveniles being associated with another individual while switching among two 3 6 1 roosts. In all except one event the associated bats arrived together at a new roost, even though 3 6 2 successful switching took several approaches in two cases and temporary roosts may be used 3 6 3 in between (Table 1, Fig. 3 ). In six cases both roosts have been monitored by a base station, in accompanied the juvenile during switching. In all 10 cases the juvenile was in company of its 3 6 8 identified mother and no other tagged bat. In 2017 we observed six events where 5 individual juveniles switched roosts in company. Twice, the juvenile switched among two monitored roosts and four times among one 3 7 1 monitored and an unmonitored site. Twice, the juvenile was associated with its identified 
